Aim Human papillomavirus (HPV) is a pathogenic factor of squamous cell carcinoma in various mucosal locations, including anal carcinoma (ACA). It is also known that patients positive for HIV are at high risk of ACA. The goal of this study was to examine clinical outcome in ACA in relation to HPV/p16 positivity, histologic tumor differentiation, and HIV status. Patients with oropharyngeal cancers that are positive for HPV and show overexpression of p16 as well as having non-keratinizing/basaloid histology have been reported to have better outcomes following chemoradiation (CRT). However, such relationships in ACA remain unknown. Methods Forty-two patients with SCC of the anus treated with CRT between 1997 and 2009 were identified. The tumors were subclassified as either non-keratinizing (including basaloid) or keratinizing categories. HPV testing was performed using SPF10-PCR, and all cases were immunostained for p16. Results There were 23 men and 19 women; 43 % of men and 11 % of women were HIV-positive (p =0.04). Fifty-five percent of patients had local disease (stages I and II) and 41 % were stages III and IV, with 4 % stage unknown. All tumors were positive for high-oncogenic risk HPVs, and all were positive with p16 immunostain. Sixty-four percent of tumors were non-keratinizing/basaloid and 36 % were keratinizing. The keratinizing tumors were more common in HIV-positive patients (67 %), whereas non-keratinizing/basaloid tumors were more common in HIV-negative patients (77 %) (p =0.008). Thirty-one percent of patients had recurrence of disease, including 50 % HIV-positive patients and 23 % HIVnegative patients (p =0.09). There was no difference in the recurrence rate between non-keratinizing and keratinizing tumor subtypes (p =0.80). The 24-month recurrence-free survival for the cohort was 66 % (95 % CI=46 %, 81 %), with HIV-positive patients having worse recurrence-free survival compared to HIV-negative patients (HR=2.85, 95 % CI= 0.95, 8.53; p =0.06). Conclusion The regional and distant failure rate was not related to HPV/p16 positivity or histologic differentiation of ACA; however, HIV positivity appeared to be associated with a higher recurrence rate and worse recurrence-free survival.
Introduction
Anal carcinoma (ACA) is a relatively uncommon malignancy with a yearly incidence of 1.4/100,000 for men and 1.9/ 100,000 for women in the US [1] . Recent molecular studies of anal cancer have shown that up to 90 % of tumors are positive for high-oncogenic risk human papillomavirus (HPVs) and most frequently for HPV16 [2] . High-risk HPVs have been implicated in pathogenesis of cancers of various lower genital and oropharyngeal sites. Oropharyngeal squamous cell carcinomas that are positive for HPVs have been shown to have better prognosis than HPV-negative tumors [3] . In addition, immunohistochemical overexpression of p16 in tumor cells, a marker of HPV transcription, has been found to be prognostic of a more favorable outcome [4] . Paralleling the findings in oropharyngeal cancer, p16 positivity in vulvar cancer was shown to be associated with longer disease-free survival and overall survival using univariate analysis [5] . HPV and p16 positivity in squamous cell carcinoma is frequently related to a specific histopathologic tumor differentiation, namely non-keratinizing or basaloid tumor subtype. The study of oropharyngeal cancers by Chernock et al. [6] reported that non-keratinizing/basaloid tumors occurred in younger patients that were more often male and had better overall and disease-specific survival as compared to keratinizing carcinomas. The authors concluded that subclassification of oropharyngeal cancers by histologic type adds important clinical information [6] .
Few studies have examined prognostic significance of HPV positivity, p16 expression, and histopathologic tumor differentiation in anal cancer. The goal of our study was to evaluate consecutive cases of invasive anal carcinoma for HPV and p16 positivity and tumor differentiation, as well as HIV status, to determine the prognostic significance of these clinicopathologic parameters.
Methods

Case Selection
The surgical pathology files of the Department of Pathology at Weill Medical College of Cornell University were searched from 1997 to 2009 to identify successive cases of anal carcinoma. A total of 42 patients with squamous cell carcinoma of the anus treated with chemoradiation were identified. Pathologic slides were reviewed by a single pathologist (ECP) and tumors categorized as either non-keratinizing (including basaloid) or keratinizing squamous cell carcinoma according to WHO classification [7] . The medical records for all patients were retrieved and analyzed. IRB approval has been obtained for this study.
p16 Immunostaining
The sections were subjected to heat-induced antigen retrieval and incubated in an automated stainer with p16 antibody (Dako, Glostrup, Denmark), at a dilution of 1:25, stained with diaminobenzidine chromogen and counterstained with hematoxylin. The staining was graded as 0-negative, 1-weak and focal nuclear or cytoplasmic blush, and 2-moderate to strong intensity nuclear and cytoplasmic staining with diffuse or patchy distribution.
HPV Testing
HPV testing was performed on available cases. Tissue digestion and DNA release with proteinase K were performed using standard methods. Broad-spectrum HPV DNA amplification was performed using the SPF10 PCR-DEIA-LiPA25, version 1 (Labo Biomedical Products, Rijswijk, The Netherlands), as described previously [8] and according to the manufacturer's instructions. Briefly, the PCR conditions were as follows: activation of AmpliTaq Gold for 9 min at 94°C was followed by 40 cycles of 30 s at 94°C, 45 s at 52°C, and 45 s at 72°C with a final extension of 5 min at 72°C. Each experiment was performed with a separate positive and negative control. All HPV-positive samples were further genotyped using HPV LiPA25, version 1 (Labo Biomedical Products, Rijswijk, The Netherlands). The system is a reverse hybridization method that can identify 15 high-risk HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, and 68/73, and ten low-risk HPV types 6, 11, 34, 40, 42, 43, 44, 54, 70, and 74 [8] .
Statistical Analyses
Descriptive statistics (including mean, standard deviation, median, range, frequency, and percent) were calculated to characterize the study cohort. The two-sample t test was used to compare age at diagnosis between groups of interest (i.e., HIV status) and the Pearson's chi-square test or Fisher's exact was used, as appropriate, to assess relationships between categorical variables of interest (i.e., gender, HIV status, stage, histologic tumor type, and tumor recurrence). Kaplan-Meier survival analysis was performed to estimate recurrence-free survival (RFS) for the cohort, and 24-month RFS was reported from the survival curve. The log-rank test was used to compare RFS between levels of categorical variables of interest. All p values are two-sided with statistical significance evaluated at the 0.05 alpha level. Ninety-five percent confidence intervals (95 % CI) for 24-month RFS and univariate hazard ratios (HR) were calculated to assess the precision of the obtained estimates. All analyses were performed in SPSS Version 21.0 (SPSS Inc., Chicago, IL).
Results
Clinicopathologic Data
Of a total of 42 patients identified in the computerized charts, 23 were men and 19 were women, with 43 % of men and 11 % of women being positive for HIV (p =0.04) ( Table 1 ). The average age for all patients was 59 (range, 36 to 88)years; however, the patients positive for HIV were on average two decades younger (44 years) than the HIV-negative patients (65 years) (p <0.0001). Fifty-five percent of patients had local disease (stages I and II) and 41 % presented with advanced tumor spread (stages III and IV). The stage at presentation was similar between men and women (men: stage III/IV=34 %; women: stage III/IV=48 %; p =0.55). The median radiation dose was 45 (range, 10 to 59)Gy. The most common chemotherapy regimen was 5-fluorouracil and mitomycin C. The median follow-up was 36 (range, 1 to 120)months. Overall, 31 % of patients had tumor recurrence and the rate of recurrence was higher for men compared to women (39 vs. 21 %, respectively, p =0.21). The stage at presentation was similar between HIV-positive and HIV-negative patients (p =0.34) ( Table 2) ; however, the rate of recurrence in HIV-positive patients was twice as high as the rate in HIV-negative patients, 50 vs. 23 %, respectively (p =0.09).
HPV Detection, p16 Immunostaining, and Histopathologic Review All tumors were positive for high-oncogenic risk HPV. HPV16 was the most common genotype and accounted for 73 % of cases. It was followed by other types, including HPV18-26 %, HPV31-13 %, HPV52-13 %, HPV39-6 %, HPV51-6 %, and HPV66-6 %. Multiple HPV types were detected in 75 % of tumors of HIV-positive patients and 14 % of HIV-negative patients. All tumors were strongly and diffusely positive with p16 immunostain. Sixty-four percent of tumors were non-keratinizing/basaloid, and 36 % were keratinizing type ( Table 1 ). The keratinizing tumors were more common in HIV-positive patients (67 %), whereas non-keratinizing/basaloid tumors were more common in HIV-negative patients (77 %) (p =0.008) ( Table 2 ). The stage at presentation was similar between the tumor types (nonkeratinizing: stage III/IV=41 %; keratinizing: stage III/IV= 40 %; p =0.80) (Table 3) , and the rate of recurrence was not significantly different between keratinizing and nonkeratinizing carcinoma (33 vs. 30 %, respectively, p =0.80).
Recurrence-Free Survival
The 24-month RFS for the cohort was 66 % (95 % CI=46 %, 80 %) (Fig. 1) . HIV-positive patients had worse RFS compared to HIV-negative patients (HR=2.85, 95 % CI=0.95, 8.53; p =0.06) (Fig. 2) . Males tended to have worse RFS compared to females (HR = 2.33, 95 % CI = 0.71, 7.60; p =0.16), and patients with advanced stage (III/IV) had worse 
Discussion
The results of our study demonstrate that patients with higher stage of anal carcinoma, HIV positivity, and male gender have worse recurrence-free survival. However, pathologic characteristics of the tumor, such as histologic tumor type, HPV positivity, and p16 positivity have no bearing on clinical outcome. Most patients with anal cancer treated with chemoradiotherapy have an excellent prognosis with overall survival rates of 60 to 75 %; however, a proportion of patients has poor outcome. The most important prognostic factor for anal carcinoma is the stage and tumor size. In addition, gender was shown to be an independent predictor for local control as well as survival, with men having significantly lower rates of disease-free survival than women [9] . The initial, small studies of HIV-positive patients with anal carcinoma reported that treatment response rate, overall survival, and local control seemed to be comparable with that of HIV-negative population [10] [11] [12] [13] ; however, more recent, larger, and controlled studies have reported worse outcome in HIV-positive patients. As compared with HIV-negative patients, HIV-positive patients showed impaired tolerance to chemoradiotherapy, a lower survival rate, and a higher rate of local failure [14] [15] [16] [17] . The results of our current study confirm these recent findings.
A large majority of anal cancers are positive for HPV. A recent systematic literature review included 992 cases of ACA and reported 72 % positivity for HPV 16 or 18, as assessed by PCR or hybrid capture [18] . The rate of positivity may be related to the method of HPV detection, as recent small study of 29 patients using a PCR method similar to our study found 100 % HPV positivity of the cancer cases [19] . That result matches our current study in which we have found 100 % HPV positivity of all 42 cases of ACA.
The overexpression of the cell cycle regulator p16 has been demonstrated in HPV-associated squamous cell cancers of the head and neck as well as the vulva and cervix [4, 5, 20] . The current study found that 100 % of tumors were positive for p16 overexpression, showing perfect correlation with the results of HPV detection. This finding confirms that p16 immunostaining is a reliable surrogate marker HPV in anal cancer samples.
Tumor histopathology was shown to be important prognostic factor in the oropharyngeal location. Our study failed to identify a relationship between tumor differentiation (keratinizing vs. non-keratinizing) and prognosis in anal cancer. In oropharyngeal and vulvar location, the tumors that are HPV positive are almost invariably of basaloid (nonkeratinizing) morphology, whereas HPV-negative tumors are of keratinizing histologic subtype. This study, however, uncovered that HPV-positive tumors may show keratinizing differentiation, and this is mainly seen in the HIV-positive group of patients. This observation of development of HPVpositive keratinized tumors in immunosuppressed patients has not been reported before. There are some limitations to this study that must be noted. This is a small retrospective study and is subject to all of the attendant biases. Specifically, the reason for the decreased local control and survival in HIV-positive patients is unclear. HIV-positive patients were not typically planned to receive a lower dose of radiotherapy but may have been prescribed decreased intensity chemotherapy. More commonly, patients may have tolerated standard therapy more poorly, requiring a decrease in chemotherapy dose or a radiotherapy treatment break. It is expected that tolerance will improve as radiotherapy techniques evolve, with the wider use of intensitymodulated radiation therapy for squamous cell carcinoma of the anal canal [21] . Another possibility is that the disease is more aggressive in HIV patients. A prospective study could be helpful in answering this question.
In conclusion, this study provides evidence that HPV and p16 positivity do not affect clinical outcome in patients with squamous cell carcinoma of the anal canal. However, HIV positivity appears to be correlated with poorer outcome in our cohort.
